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CHAPTER 1-12: AQUATIC AND WET
MARCHANTIOPHYTA, ORDER
METZGERIALES: METZGERIACEAE AND
CALYCULARIACEAE

Figure 1. Metzgeria conjugata, a widespread species that includes damp and humid locations such as gorges and ravines among its
habitats. Photo by Bernd Haynold, through Creative Commons.

SUBCLASS METZGERIIDAE
Metzgeriales: Metzgeriaceae
Metzgeria (Figure 1-Figure 14; Figure 38-Figure
41; Figure 58, Figure 60-Figure 63)
Some members of the genus Metzgeria (Figure 1Figure 14; Figure 38-Figure 41; Figure 58, Figure 60Figure 63) can be submersed in the tropics (Ruttner 1955).

Figure 2. Metzgeria conjugata, North American clade.
Photo from UBC Botany Website, with permission.

Metzgeria conjugata (Figure 1-Figure 14)
Using molecular data, Fuselier et al. (2009) identified
three morphologically cryptic clades of Metzgeria
conjugata (Figure 1-Figure 14): northern North America
(Figure 2), Europe (Figure 3), and south-eastern North
America. These molecular differences, however, were not
manifest in any morphological differences.

Figure 3. Metzgeria conjugata, European clade. Photo by
Jan-Peter Frahm, with permission.
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Distribution
Distribution of Metzgeria conjugata (Figure 1-Figure
14) is a widespread amphi-Atlantic disjunct (Schofield,
1988). It occurs in most of Europe, eastward to the
Caucasus, eastward in Asia to Japan, south to Burma, Java,
Sumatra, and the Celebes, eastward to New Zealand, Africa
from Mozambique to Natal, Tanganyika, and Madagascar.
In North America it extends from Quebec and Ontario west
to Alaska, southward to California, New Mexico, and in
South America it is known from Brazil south to Colombia,
Chile, and Argentina. Frey (1974) reported it from Iran.

Figure 6. Metzgeria conjugata showing a growth form that
extends away from the substrate. Photo by Michael Lüth, with
permission.

Figure 4. Metzgeria conjugata, a widespread amphi-Atlantic
species. Photo by Jan-Peter Frahm, with permission.

Figure 7. Metzgeria conjugata showing the translucent
nature of the hydrated thallus. Photo by Štĕpán Koval, with
permission.

Figure 5. Metzgeria conjugata showing a dense, pure
colony. Photo by Štĕpán Koval, with permission.

Figure 8. Metzgeria conjugata growing flat in a wet habitat.
Photo by Štĕpán Koval, with permission.
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Figure 11. Metzgeria conjugata on bark, Nara, Japan.
Photo by Janice Glime.

Figure 9. Metzgeria conjugata showing the strong midrib
and translucent (1 cell thick) thallus. Photo by Štĕpán Koval, with
permission.

Figure 12. Metzgeria conjugata on bark. Photo by Bernd
Haynold, through Creative Commons.

Figure 10.
Metzgeria conjugata showing 1-cell-thick
thallus. Photo from UBC Botany Website, with permission.

Fuselier et al. (2009) considered that different forms of
Metzgeria conjugata (Figure 1-Figure 14) may exhibit both
Amphi-Atlantic and Western Europe-Western North
America disjunctions.

Aquatic and Wet Habitats
Metzgeria conjugata (Figure 1-Figure 14) occurs in
cool boreal forests worldwide (Schuster, 1992). Its habitats
are as varied as its range, with both bark (Figure 11-Figure
12) and rocks serving as substrata, usually in damp and
humid locations such as gorges and ravines (Figure 13).
On rocks it usually occurs in large, pure mats. It seems to
prefer calcareous sites, but it is not restricted to them.

Figure 13. Metzgeria conjugata stream bank habitat in
Europe. Photo by Michael Lüth, with permission.

Metzgeria conjugata (Figure 1-Figure 14) occurs in
crevices or surface of drier cliffs (Figure 14) in ravines in
Connecticut, USA (Nichols 1916). It is occasionally
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submerged (Watson 1919) or occurs on rock and in
communities associated with streams near Lacko, Western
Carpathians (Mamczarz 1970); it is rare in aquatic habitats
of eastern Odenwald and southern Spessart (Philippi 1987);
In Thuringia, Germany, it occurs in the PlatyhypnidiumFontinalis antipyretica association (Figure 15) (Marstaller
1987). Ferreira et al. (2008) described it from rivers; it
occurs on limestone rock in the Tara River Canyon and
Durmitor area, Montenegro (Papp & Erzberger 2011). In
the eastern United States it occurs in Adirondack Mountain
streams (Slack & Glime 1985).

Figure 16. Metzgeria conjugata on rock. Photo by Michael
Lüth, with permission.

Figure 14. Metzgeria conjugata on rock face. Photo by
Michael Lüth, with permission.

Figure 15. Platyhypnidium riparioides on emergent rocks
with Fontinalis antipyretica submerged. Photo by J. C. Schou,
with permission.

In Brazil it usually occurs on shaded wet rocks and is
rare on tree trunks (da Costa & Machado 1992).
In North Wales Metzgeria conjugata (Figure 1-Figure
14) grows on rocks (Figure 16) in the spray of waterfalls
and on boulders by mountain streams (Rhodes 1916). In
the Caucasus, Russia, this species occurs on soil, rocks, and
cliffs along stream banks (Konstantinova et al. 2009). In
Hungary, it is not rare and occurs in mountains in the
western part in ravines and along streams on wet rocks
(Ódor 2000).

Philippi (1987) reported that Metzgeria conjugata
(Figure 1-Figure 14) occurred occasionally in streams of
eastern Odenwald and southern Spessart, where the streams
are weakly acid, having little limestone, and the bryophyte
substrate is red sandstone. Fulford (1934) reported it from
moist sandstone cliffs in Kentucky, USA (Figure 17).
Wagner (1952) suggested that its rarity in Indiana was the
scarcity of deep canyons that provide the needed moist
microclimate, and that light might also be a factor. Ódor
(2000) supported this suggestion in Hungary, where in the
Kékes North Forest Reserve in Mátra Mountains it occurs
only in the wet fissures of high, shaded rock walls. In
Hungary, it is not rare and occurs in mountains and in the
western part in ravines and along streams on wet rocks
(Ódor 2000). It also occurs on cavern ceilings – a habitat
that is likely to have constant moisture levels (Norris
1967).

Figure 17. Red sandstone cliffs in Red River Gorge,
Kentucky, USA, where one might find Metzgeria conjugata.
Photo by Jarekt, through Creative Commons.

In North Carolina, USA, Metzgeria conjugata (Figure
1-Figure 14) occurs on moist rocks, soil, and trees
(Blomquist 1936). Šoltés and Zubaľová (2015) reported
Metzgeria conjugata (Figure 1-Figure 14) from shaded
limestone rocks in the Eastern Carpathians of Slovakia.
Metzgeria conjugata (Figure 1-Figure 14) is more
typically not aquatic or in wetlands. In the Polish
Carpathians, Metzgeria conjugata seems to occur primarily
at 600-800 m asl on rocks or trees, rarely on wet soil (Zubel
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et al. 2011). These mostly afforested places account for the
lower percentage on trees. It rarely occurs on mineral soil
and rotten wood. In Korea Metzgeria conjugata occurs in
forests that have been protected by their owners, on both
rocks and trees (Hong 1960). Metzgeria conjugata can be
epiphyllous in India (Singh et al. 2007) and China (Luo
1990).
Adaptations
Metzgeria conjugata (Figure 1-Figure 14) can occur in
pure mats (Figure 18) or with other bryophytes (Figure 19)
(Konstantinova et al. 2009). Both of these habits help to
conserve water in habitats that become periodically dry.

Figure 20. Metzgeria conjugata showing its pale green color
form. Photo by Michael Lüth, with permission.

Figure 18. Metzgeria conjugata growing in a pure mat.
Photo by Štĕpán Koval, with permission.

Figure 21.
Metzgeria conjugata thallus showing its
yellowish-green color form. Photo by Hugues Tinguy, through
Creative Commons.

Figure 19. Metzgeria conjugata occurring with other
bryophytes. Photo by Štĕpán Koval, with permission.

Metzgeria conjugata (Figure 1-Figure 14) is pale
green (Figure 20) to green-yellowish (Figure 21) and
prostrate (da Costa & Machado 1992). The cell walls are
thickened with small trigones – a character that needs study
to determine possible adaptive value. I am guessing it
makes the thin thallus stronger while maintaining
flexibility. The thallus is hirsute (hairy; Figure 22-Figure
23), a trait in liverworts that might help to take up and
conserve water. Ono (1977) has described these hairs as
well as rhizoids.

Figure 22. Metzgeria conjugata ventral view showing
hirsute thallus. Photo by Norbert Stapper, with permission.
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Figure 23. Metzgeria conjugata thallus hairs. Photo by
Hugues Tinguy, through Creative Commons.

One of the characteristics I have surmised by looking
at images of Metzgeria conjugata (Figure 1-Figure 14)
from the web is that upon drying, the thallus margins curl
under. The hydrated thallus is flat (Figure 18). The
incurvation ultimately gives the thallus a tubular form
(Figure 24-Figure 28) that reduces surface area and
provides an internal chamber (Figure 28) that can help to
maintain moisture.

Figure 26. Metzgeria conjugata showing a further stage of
dehydration with thalli beginning to form tubes. Photo by Martin
Hutten, with permission.

Figure 24. Metzgeria conjugata fully hydrated. Photo from
British Bryological Society, with permission per Barry Stewart.

Figure 25. Metzgeria conjugata beginning to dehydrate,
showing the margins of the thallus beginning to curl under. Photo
by David T. Holyoak, with permission.

Figure 27. Metzgeria conjugata thallus dry, showing
reduced surface area and tubular configuration of thalli. Photo by
Hugues Tinguy, through Creative Commons.
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Figure 28. Metzgeria conjugata showing hairs on the
ventral surface. The margins are beginning to curl under,
indicating that the thallus is drying. Photo by Hugues Tinguy,
through Creative Commons.

Reproduction
Metzgeria conjugata (Figure 1-Figure 14) is
monoicous (Figure 29) and frequently fertile (Schuster
1992; Fuselier et al. 2009). Capsules are common (Figure
30-Figure 31) (Schuster 1992). Frye and Clark (1937)
described gemmae, but Schuster (1992) described this
species as lacking gemmae. Evans (1910) also considered
reports of gemmae in Metzgeria conjugata to be in error.
Rather, he considered these marginal gemmae to be normal
outgrowths of the thallus (Figure 32). In the same year as
Schuster described the absence of gemmae, da Costa and
Machado (1992) described gemmae from populations in
Brazil as lamellar at the thallus margin.

Figure 30. Metzgeria conjugata with sporophyte. Photo
from UBC Botany website, with permission.

Figure 31. Metzgeria conjugata with dehisced capsule.
Photo by Hermann Schachner, through Creative Commons.

Figure 32. Metzgeria thallus with lobes that can serve as
asexual reproductive structures. Photo by Hugues Tinguy,
through Creative Commons.

Figure 29. Metzgeria conjugata male and female. Modified
from photo by Paul G. Davison, with permission.

Fungal Interactions
I have been unable to find any records of mycorrhizal
or other fungal associations with Metzgeria conjugata.
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Biochemistry
Schuster (1992) reports that Metzgeria conjugata
(Figure 1-Figure 14) lacks oil bodies. Suire (2000)
affirmed this again in specimens from southwest France.
Metzgeria conjugata (Figure 1-Figure 14) is one of the
species used to determine that RNA editing from genomic
sequences in bryophytes is predictable, based on cDNA
analysis (Steinhauser et al. 1999).
Theodor et al. (1981a) identified six already known
tricin and apigenin di-c-glycosides, including 2″-oferulylisoschaftoside in the gametophyte thallus of
Metzgeria conjugata (Figure 1-Figure 14).
Some of the compounds produced by Metzgeria
conjugata (Figure 1-Figure 14) are effective against
Paenibacillus larvae (Figure 33) isolates (Sevim et al.
2017). This bacterial species causes American foulbrood
diseases in honeybee larvae. The newly hatched honey bee
larvae are infected through ingestion of brood honey
containing P. larvae spores (Figure 34). After germination
and multiplication, the infected bee larvae die within a few
days and decompose into a ropy mass (Figure 35). The
bacteria release millions of spores after desiccation.

Figure 33. Paenibacillus larvae with Gram-positive stain,
showing spore-forming, rod-shaped bacteria. Image modified
from Sevim et al. 2017.

Figure 34. American-foulbrood-diseased bee larvae are
beige or brown in color and have diminished segmentation.
Image modified from Sevim et al. 2017.
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Figure 35. American foulbrood disease can be diagnosed by
a matchstick test, demonstrating the viscous, glue-like larval
remains adhering to the hive wall. Image modified from Sevim et
al. 2017.

Metzgeria furcata/Metzgeria setigera (Figure 36,
Figure 38-Figure 41)
Fuselier et al. (2009) demonstrated that within the
broadly defined Metzgeria furcata (Figure 36), there are
three very well-supported lineages, one from eastern North
America and the other two widespread in Europe.
Söderström et al. (2015) put the North American clade into
Metzgeria setigera (Figure 37) as a new species.

Figure 36. Metzgeria furcata showing hairs on the thallus
and long lobes. Photo by Shirley Kerr, with permission.

Figure 37. Metzgeria cf. setigera, a representative of the
North American clade that is now recognized as a separate
species. Photo by Oskar Gran, through Creative Commons.
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Distribution
The distribution of Metzgeria furcata (Figure 38Figure 41) is worldwide (So 2002, 2004), but is mostly
circumboreal (Schuster 1992). So (2002) listed countries
from which specimens have been examined: Australia,
Tasmania, Hawaii, Micronesia, New Caledonia, Papua
New Guinea, New Zealand. Later So (2004) listed a
number of African localities and Phephu and van Rooy
(2015) reported it from southern Africa.

Figure 40. Metzgeria furcata showing its translucent thallus.
Photo by Malcolm Storey, DiscoverLife.org, with online
permission.

Figure 38. Metzgeria furcata growing in a tight, pure mat.
Photo by Michael Lüth, with permission.

Figure 41. Metzgeria furcata thallus showing one-cell
thickness. Photo by Malcolm Storey, DiscoverLife.org, with
online permission.

Aquatic and Wet Habitats

Figure 39. Metzgeria furcata with a somewhat more erect
growth form. Photo by Michael Lüth, with permission.

Metzgeria furcata (Figure 38-Figure 41) occurs in
rivers (Ferreira et al. 2008) and other aquatic habitats. It is
part of the rock community in streams near Lacko, Western
Carpathians (Mamczarz 1970). One of these is the
Platyhypnidium-Fontinalis
antipyretica
association
(Figure 15) in Thuringia, Germany (Marstaller 1987). In
the Cool Temperate Victorian Rainforest it occurs in
streams (Carrigan 2008).
Despite these aquatic records, Heylen and Hermy
(2008) consider Metzgeria furcata (Figure 38-Figure 41) to
be an obligate epiphyte. In the Tara River canyon and
Durmitor area of Montenegro, it occurs on the bark of
Fagus (Papp & Erzberger 2011). Although Metzgeria
furcata is an epiphyte, it does often occur in wetlands and
swamps, but still on typically bark (Schuster 1992).
Metzgeria furcata (Figure 38-Figure 41) var. ulvula is
small and lives where there is high humidity, including
along streams, but also 1-2 m high on tree trunks of older
deciduous trees (Figure 42) or in the shade of rock faces or
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steep banks along wooded creeks, and especially on big,
steep ravines with high humidity and lots of rock face
(Trigoboff 2013). It is especially common on rocks
covered with Metzgeria conjugata (Figure 1-Figure 14).
Newton (2012) reported Metzgeria furcata from bark of
Sambucus spp. (Figure 43) and Salix sp. (Figure 44),
species that often occur in wet habitats. Metzgeria furcata
is useful as a biodiversity indicator (Heylen & Hermy
2008; Heylen & Hermy, in prep.).

Figure 44. Salix alba; Metzgeria furcata often occurs on the
bark of Salix species. Photo by Willow, Creative Commons.

Figure 42. Metzgeria furcata on bark. Photo by Michael
Becker, through Creative Commons.

However, Metzgeria furcata (Figure 38-Figure 41) is
not completely restricted to being an epiphyte. Dobrescu
and Soare (2015) reported it among the saxicolous species
in the Vâlsan Keys. It is of interest to note one unusual
habitat for this widely distributed species: Koppe (1969)
reported it from dry whale bones on Isle Borkum, in
northwestern Germany.
(in South Africa) a steep-sided, wooded ravine or valley
Productivity
Photosynthesis of Metzgeria furcata (Figure 38-Figure
41) was measured as 4.2 ± 0.2 nmol CO2 mg-1 Chl s-1 in air
(Smith & Griffiths 2000).
Adaptations
Plants of Metzgeria furcata is yellowish green (Figure
45), thalli 1-2 cm long (So 2004). The thallus is one cell
thick and translucent (Figure 45), perhaps adapting it to
low light levels by permitting easy transmission of light.

Figure 43. Sambucus nigra in Austria; Metzgeria furcata
often occurs on the bark of Sambucus species. Photo by Franz
Xaver, through Creative Commons.

In the Eurosiberian alder swamps of Latvia, Metzgeria
furcata (Figure 38-Figure 41) occurs on decorticated logs
(Madžule & Brūmelis 2008), a habitat that is typically
moist longer than the surrounding habitat. On the other
hand, in some areas Metzgeria furcata is an indicator
species for logs in decay stage 1 (Madžule & Brūmelis
2008).
Metzgeria furcata (Figure 38-Figure 41) is typically
an epiphyte in forests in a stream valley in the Carpathian
Basin (Szövényi et al. 2004). In northwest Latvia it is one
of the indicator species for old-growth forests, where it
occurs as an epiphyte (Mežaka & Znotiņa 2006).

Figure 45. Metzgeria furcata showing yellowish-green color
and translucent thallus.
Photo by Malcolm Storey,
DiscoverLife.org, with online permission.

Metzgeria furcata (Figure 38-Figure 41) is quite
desiccation tolerant (Schuster 1992). Clausen (1964)
supported this concept with her experiments. At 20º C for
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12 hours, all cells survived at 33% relative humidity; at
15% rh, only about 1/4 of the cells survived. All but
undeveloped apical cells survived 2-4 days of freezing at
-10ºC; after 30-34 days, only 3/4 of the apical cells
survived. This tolerance explains its ability to live on the
vertical trunks of trees, where it might have a fan form
(Figure 46), giving it more exposed surface area, but
possibly giving it more light exposure in forests. It can
also grow with other bryophytes that could potentially help
it to retain moisture (Figure 47).

Figure 46. Metzgeria furcata showing the shelf-like fan
form. Photo by Michael Lüth, with permission.

Metzgeria furcata. Plants that had developed calyptras had
no embryos. Sporophytes were only found in colonies that
also had male plants (Figure 48); antheridial abundance
varied greatly even at the same location.

Figure 48. Metzgeria furcata with globular antheridia on
midrib and potential propagules on the margin. Are these
marginal structures gemmae or early stages of lobes? Photo by
Tom Thekathyil, with permission.

Schuster (1992) describes Metzgeria furcata (Figure
38-Figure 41) as having plane, linear gemmae (maybe
Figure 49), arising from the margin of the thallus (So
2004); in North America they are abundant (Schuster
1992). Gemma-bearing thalli (Figure 50) are typically
more slender and less highly differentiated compared to
non-gemma-bearing plants (Figure 45) (Evans 1910).
Evans provides a detailed description of the development,
separation, and subsequent germination of these structures.

Figure 47.
Metzgeria furcata
growing with other
bryophytes, a potential way to maintain moisture longer. Photo
by Shirley Kerr, with permission.

Reproduction
Schuster (1992) considered Metzgeria furcata (Figure
38-Figure 41) to be dioicous, but So (2002) described it as
autoicous. Schuster notes that only gynoecia have been
found in eastern North America (hence Metzgeria
setigera), and then only at higher elevations. Fuselier et al.
(2011) likewise considered it to be dioicous. Perhaps it is
monoicous, but conditions to stimulate production of
antheridia do not occur in most of its locations. Yeates
(1908) noted that typically one could only find females of

Figure 49. Metzgeria furcata showing lobes, possibly
considered gemmae in some descriptions. Could these be the
linear gemmae described by Schuster (1992)? Photo by Kristian
Peters, with permission.
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An additional potential means of reproduction in
Metzgeria furcata (Figure 38-Figure 41) is the
development of thalli from the female involucres
(Kuwahara 1973). These are not rare occurrences in
northwestern Europe, and they have been observed
developing into thalli. These may be the same structures
described by Yeates (1908) as thallidia; Yeates concluded
that these seemed to provide most of the reproduction.
Heylen and Hermy (2008) suggested that the strongly
aggregated distribution of Metzgeria furcata (Figure 38Figure 41) indicates local dispersal (rather than regional
dispersal). This is consistent with their apparent lack of
sexual reproduction and spores, but instead the dispersal of
larger bits of thalli.

Figure 50. Metzgeria furcata with gemmae on margins and
lobe arising from midrib. Photo by Walter Obermayer, with
permission.

A discussion on Bryonet on 3 March 2021 did not
really solve the problem of the definition of gemmae in
Metzgeria furcata. Dave Kofranek summarized a number
of sources that defined gemmae as simply vegetative
reproductive structures. Tom Thekathyil suggested that
those structures on the margin in Figure 50 might be
gemmae, whereas the one arising from the midrib might be
just a thallus lobe. Sorin Stefanut challenged the gemma
interpretation in Metzgeria furcata, following the
definition that gemmae are "uni- or multicellular,
filamentous, globose, ellipsoidal, cylindrical, stellate, or
discoid brood bodies, relatively undifferentiated, serving in
vegetative reproduction," a definition found in the
Glossarium Polyglottum Bryologiae. Stefanut contends
that these are not true gemmae because they are only a
small thallus having a midrib. Louis Thouvenot similarly
suggested that the presence of a midrib would make them a
thallus lobe. Jeff Duckett reminded us that in Metzgeria
consanguinea and M. violacea the gemmae are
endogenous and leave conspicuous holes in the thallus
when they detach; such does not seem to be the case in M.
furcata. Arno van der Pluijm and Jacques van Rooy both
considered Metzgeria to have both lobes and gemmae. In
South African populations, gemmae occur as outgrowths
along the margins of M. furcata (Phephu & van Rooy
2015). I have concluded that these outgrowths at the edge
of the thallus are transitional structures that act like
gemmae but retain the developmental pattern of thallus
branching. Hence, I agree with Sean Edwards (Bryonet 5
March 2021) that gemmae don't evolve overnight, making
this a semantic question. In the words of Sanna LaakaLindberg (Bryonet 5 March 2021), "we often look for
evidence to categorize phenomena even in cases no clear
limits perhaps exist."
Metzgeria furcata seems to be the great compromiser.
In some cases the marginal bits of thalli fall off at an early
stage, but others remain longer, developing into much
larger lobes before falling off (Arno van der Pluijm,
Bryonet 3 March 2021). In either case, these marginal
structures can serve as propagules. Perhaps this is one of
the places where bryophytes invented gemmae?

Slime Molds and Fungal Interactions
Some slime molds are usually associated with
Metzgeria furcata (Figure 38-Figure 41). Isabelle Mazaud
photographed Diacheopsis synspora (Figure 51) with this
species where it was growing on Quercus robur bark
(Figure 52-Figure 53). Ing (1994) reported Hemitrichia
minor (Figure 54-Figure 55) in association with this
species.

Figure 51. Diacheopsis synspora on Metzgeria in North
Wales. Photo by Janet Graham, through Creative Commons.

Figure 52. Quercus robur in Devon, England, where one
can find Metzgeria furcata. Photo by Alex Jane, through
Creative Commons.
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Nordén et al. (2015) described the new Ascomycete
fungus Bryocentria hypothallina from Metzgeria furcata
(Figure 38-Figure 41). This fungus is indicated by
bleached, necrotic patches on the liverwort. It produces
ascomata on the under side of the thallus, perforating its
surface. This parasitic fungus has a known distribution of
France, Norway, and Spain – considerably less than the
distribution of Metzgeria furcata.
Biochemistry
Members of the genus Metzgeria lack oil bodies
(Figure 56-Figure 57) (Suire 2000). Nevertheless, Theodor
et al. (1983) identified 12 different flavone C-glycosides in
Metzgeria furcata (Figure 38-Figure 41) and its variety
ulvula. Only four of these biochemicals are common to
both the typical and the variety.

Figure 53. Quercus robur bark, a suitable substrate for
Metzgeria furcata in Essex, England. Photo by Acabashi,
through public domain.

Figure 56. Metzgeria furcata showing absence of oil bodies
in the thallus cells. Photo by Malcolm Storey, DiscoverLife.org,
with online permission.
Figure 54. Hemitrichia minor, a slime mold species known
to associate with Metzgeria furcata. Photo by G. Moreno and J.
Francisco, micobotanicajaen.com, with online permission.

Figure 57. Metzgeria furcata lamina showing lack of oil
bodies in thallus cells. Photo by Kristian Peters, with permission.

Figure 55. Hemitrichia minor microscopic view. Photo
from Eumycetozoa Project, through DiscoverLife.org, with online
permission.

Werner et al. (2002) discovered that for Metzgeria
furcata (Figure 38-Figure 41), thallus fragments longer
than 1 mm inhibited the preparation of DNA for the
polymerase chain reaction. They found that the optimal
length was 0.5 mm. They suggested that the secondary
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substances produced and stored in oil bodies might be
responsible for this inhibition by bryophytes, but this does
not explain the behavior in Metzgeria species because oil
bodies are unknown.
The isolation of 6-C-a-L-rhamnopyranosylapigenin
(isofurcatain) 7-0-/?-D-glucopyranoside, from Metzgeria
furcata (Figure 38-Figure 41) var. ulvula, the common
variety reported in North America (Schuster 1992), is
described and identified (Markham et al. 1982). This is a
new natural product, as also is isofurcatain.
Metzgeria litoralis
Distribution
Metzgeria litoralis is known only from Chile in
southern South America (Engel & Kuwahara 1973).
Aquatic and Wet Habitats
Metzgeria litoralis occurs on coastal rocks that are
continuously exposed either to tidal action or ocean water
spray (Engel & Kuwahara 1973). This is a highly unusual
habitat for any bryophyte. The bryophytes have no
mechanism for tolerating exposure to salt water. But Engel
and Schuster (1973) suggest that in this case, drainage from
forested areas directly above these beaches, along with high
rainfall, provide sufficient fresh water for these liverworts
to survive. They argue that these conditions do not allow
for dispersal of bryophytes by tidal water along the
shoreline.

Figure 58. Metzgeria pubescens growing on bark. Photo by
Štĕpán Koval, with permission.

Adaptations
Metzgeria litoralis has a yellow-green thallus that is
convex, giving the appearance of a tube (Engel &
Kuwahara 1973). But it is also flaccid, most likely due to
the thin cell walls of the lamina.
Reproduction
Metzgeria litoralis is dioicous and lacks gemmae
(Engel & Kuwahara 1973).
However, females and
sporophytes are unknown, so it is possible it is monoicous
but has not experienced the environmental conditions
necessary for female gametangia to develop.

Figure 59. Metzgeria frontipilis, a separate species that
sometimes grows together with Metzgeria pubescens. Photo by
Blanka Aguero, with permission.

Metzgeria pubescens (Figure 58, Figure 60-Figure
63)
(syn. = Apometzgeria pubescens)
The
Southern
Hemisphere
populations
are
morphologically similar plants to the northern Holarctic
ones but form a divergent lineage (often treated as
Apometzgeria frontipilis) in South America (Fuselier et al.
2011). But Engel and Kuwahara (1973) found both
Metzgeria pubescens (Figure 58) and Metzgeria
(Apometzgeria) frontipilis (Figure 59) growing together in
southern South America. Thus, Fuselier et al. (2011) and
others have considered Metzgeria pubescens to be bipolar,
occurring throughout Europe, China, Russia, Korea, and
North America (rather sparsely), as well as Chile (Engel
1978; Schuster 1992). In any case, it appears that there are
distinct genetic differences in the species between the
hemispheres, suggesting that there are new species in
progress.

Results by Fuselier et al. (2011) indicate that
Metzgeria pubescens (Figure 58) in South America forms a
divergent lineage that shares a closer phylogenetic history
with M. frontipilis. As such, M. pubescens should be
considered a Holarctic species.

Distribution
Metzgeria pubescens (Figure 60-Figure 63) occurs in
Europe, Asia, and North America (So 2003). This known
distribution has been expanded to a bipolar range with
populations across the Holarctic and in southern South
America (Fuselier et al. 2011). Blockeel (2020) reported it
for the first time from Greece.
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Figure 60. Metzgeria pubescens forming a nearly pure
clump, but arranged to provide spaces between plants. Photo by
Štĕpán Koval, with permission.

Figure 62. Metzgeria pubescens showing the opaque thalli
projecting away from the substrate. Photo by Štĕpán Koval, with
permission.

Figure 63. Metzgeria pubescens showing the thin (1-cellthick) thallus and numerous hairs. Photo by Hermann Schachner,
through Creative Commons.

Aquatic and Wet Habitats
Figure 61. Metzgeria pubescens looking dry because of its
covering of hairs. Photo by Štĕpán Koval, with permission.

For Romania (Ştefănuţ & Goia 2012) and Slovakia
(Mišíková et al. 2021) Metzgeria pubescens (Figure 60Figure 63) is listed as a liverwort of "Least Concern" in the
Red List.

Metzgeria pubescens (Figure 60-Figure 63) is known
from an intermittent stream (Dhien 1978). Metzgeria
pubescens occurred on stones beside the water at Jumog
Waterfall in Indonesia (Sidiq et al. 2019) and in Yakutia
(Sofronova 2015). Chamberlain (1972) likewise reported it
from Breccia rock (broken fragments of minerals or rock
cemented together by fine-grained matrix; Figure 64) faces
by the river and upstream on limestone. Lorenz (1910)
similarly reported it from a limestone ravine in
Switzerland, and Papp and Sabovljević (2002) in western
Serbia.
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it from drying out and also aid in providing capillary spaces
that facilitate water uptake.

Figure 64. Breccia rock at Titus Canyon Narrows, Death
Valley National Park, California, USA. Photo from NPS, through
public domain.

In the Vologda Region of Russia, Metzgeria
pubescens (Figure 60-Figure 63) grew in the beds of
mosses in a boggy spruce forest (Dulin et al. 2009). It is
critically endangered in this region due to a scarcity of
suitable habitats.
But Metzgeria pubescens (Figure 60-Figure 63) often
occurs in habitats that would not be considered aquatic or
wetland. In the Algama River basin of Yakutia, Russia, it
occurs on stones, stones covered with humus, and rock
outcrops in the forest belt (Sofronova 2013). Horikawa
(1934) reported similar habitat in Japan, where it grew with
mosses on rocky soil. Photographs also show that it can
occur on bark (Figure 65).

Figure 66. Metzgeria pubescens that is dry, but still green,
with its hairs showing prominently. Photo by Štĕpán Koval, with
permission.

Figure 67. Metzgeria pubescens showing dense hairs. Photo
by Štĕpán Koval, with permission.
Figure 65. Metzgeria pubescens on bark. Photo by Štĕpán
Koval, with permission.

One habitat that seems to be relatively common for
bryophyte species tolerant of wetlands is that of wet,
rotting logs. Such is the case also for Metzgeria pubescens
(Figure 60-Figure 63) (Sofronova 2015).
Adaptations
Metzgeria pubescens (Figure 60-Figure 63), as
indicated by its name, is a densely hairy species (Figure 66Figure 68) on its ventral side, an uncommon character in
the genus and used by some systematists to create a
separate genus for it. This character would seem to protect

Figure 68. Metzgeria pubescens cs showing dense hairs.
Photo by Hugues Tinguy, with permission.
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Growth forms vary (Figure 69-Figure 70), presumably
dependent on the habitat, but they could also represent
different crypto species.

Fungal Interactions
Glomeromycotean fungi are becoming well known in
bryophytes. Ligrone et al. (2007) examined a large number
of endophytic fungal associations in liverworts. They
failed to discover any glomeromycotean fungi in Metzgeria
pubescens (Figure 60-Figure 63).
Biochemistry
Markham et al. (1987) reported the existence of
rotational isomerism in flavone-6,8-di-C-glycosides
isolated from Metzgeria pubescens (Figure 60-Figure 63).
Theodor et al. (1980, 1981b) reported five such flavone-Cglycosides.

Metzgeriales: Calyculariaceae
Figure 69. Metzgeria pubescens exhibiting a cluster growth
form. Photo by Hugues Tinguy, with permission.

Calycularia crispula (Figure 71-Figure 72)
Distribution
Davison and Smith (1992) listed Calycularia crispula
(Figure 71-Figure 72) from Asia (Himalaya, Burma,
Thailand, Taiwan, Korea, Japan), Africa (Ethiopia,
Tanzania, Malawi), and Mexico. When Daniels et al.
(2014) reported it for the first time from the Western Ghats
in India (see also Manju et al. 2015), they also included
Bhutan, China, Myanmar, and Nepal.
In 2010,
Konstantinova and Mamontov (2010) excluded it from
Russia, Canada, Japan, and Korea based on re-examination
of the specimens. They instead contend that Calycularia
crispula (Figure 71-Figure 72) is restricted to mountains of
the tropics and subtropics, adding records from Zambia,
China, and Costa Rica. They determined specimens from
more northern collections to be Calycularia laxa.

Figure 70. Metzgeria pubescens in a mat form. Photo by
Štĕpán Koval, with permission.

Reproduction
Metzgeria pubescens (Figure 60-Figure 63) is
dioicous and rarely produces sporophytes. It furthermore
apparently does not produce gemmae (Schuster 1992).
Hence, it would be interesting to determine how it has
become so widespread and common. These limiting
reproductive strategies also help to explain the genetic
divergence (Fuselier et al. 2011) seen for the species
between the hemispheres.
M'Ardle (1896) suggested that Metzgeria pubescens
(Figure 60-Figure 63), lacking females – at least in Ireland,
was able to reproduce through a type of budding,
adventitious branches that at some point could break away
from the parent plant. I was unable to find any images that
showed budding, at least not with the constricted bases of
the branches seen in some of the above species (e.g. Figure
32, Figure 49).

Figure 71. Calycularia crispula showing pale green and
almost translucent thallus. Photo by Shanxiong Lin, Taiwan
Mosses Color Illustrations, through Creative Commons.
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Figure 72. Calycularia crispula in Sichuan, growing with
mosses and exhibiting a medium green color with slightly reddish
areas. Photo by David Long, with permission.
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Figure 74. Plagiochila arbuscula as it would appear in a
humid montane forest. Photo by Peter de Lange, through online
permission.

Aquatic and Wet Habitats
Calycularia crispula (Figure 71-Figure 72) occurs in
moist or foggy mountain locations on soil, tree bases, logs,
stumps, and rocks (Davison & Smith 1992). Daniels et al.
(2014) describe it as occurring in upland areas in the
tropics of Asia, Africa, and Central America. The broad
habitat descriptions may in some cases be based on the
segregate northern species C. laxa.
In the Western Ghats of India, Calycularia crispula
(Figure 71-Figure 72) occurs at 1,540 m asl in montane wet
temperate forests and also from 950 m asl in moist
deciduous forest, attached to the bark of trees and on rocks;
it also occurs on decaying logs, moist soil, in deep crevices
and on shaded humus covered cliffs in river valleys.
In Thailand, Calycularia crispula (Figure 71-Figure
72) occurs on the bases of tree trunks, decaying wood, and
humus rich rocks in humid montane forests at 1,200-2,550
m asl (Printarakul et al. 2019). Bazzania (Figure 73) and
Plagiochila (Figure 74) often occur with it.

Adaptations
Daniels et al. (2014) describe Calycularia crispula
(Figure 71-Figure 72) as translucent green (Figure 71). It is
multilayered (Figure 75), thus not as translucent as the
members of Metzgeria in this chapter. Konstantinova and
Mamontov (2010) provide a more robust coloration, from
"pale to yellowish (Figure 71) or deep green (Figure 72)
often with secondary goldish, fuscous, reddish to purplish
red or red-brown pigmentation." This broader description
may be a better reflection of its pigmentation adaptations to
various levels of light throughout its range and seasons.

Figure 75. Calycularia crispula thallus cs. Photo by N.
Printarakul, through Creative Commons.

Reproduction

Figure 73. Bazzania tricrenata; Calycularia crispula can
occur with species of Bazzania in humid montane forests of
Thailand. Photo by Hermann Schachner, through Creative
Commons.

Calycularia crispula (Figure 71-Figure 72) is dioicous
(Konstantinova & Mamontov 2010). Both sexes are known
and sporophytes are fairly common (Figure 76-Figure 77).
Konstantinova and Mamontov suggest that the ventral
shoots that arise from the midrib are likely to provide a
means of vegetative propagation.
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Figure 76. Calycularia crispula with capsules. Photo by N.
Printarakul, through Creative Commons.

Figure 79. Calycularia crispula spore.
Printarakul, through Creative Commons.

Photo by N.

Biochemistry
Calycularia crispula (Figure 71-Figure 72) has 6-34
minute (1.5-4.9 μm) oil bodies per cell (Figure 80) that are
presumably the source of the cedar-oil-like smell that is
distinct when dried specimens are moistened
(Konstantinova & Mamontov 2010).

Figure 77. Calycularia crispula capsule in Sichuan. Photo
by David Long, with permission.

The spores are endowed with large, somewhat
cylindrical
projections
(Figure
78-Figure
79)
(Konstantinova & Mamontov 2010). Experimentation is
needed to determine if these facilitate flotation and
subsequent dispersal of the spores.
Figure 80. Calycularia crispula cells showing the numerous
tiny oil bodies. Photo by N. Printarakul, through Creative
Commons.

Calycularia laxa
Distribution

Figure 78. Calycularia crispula spores and elaters. Photo
by N. Printarakul, through Creative Commons.

Apparently the report by Davison and Smith (1992) for
Calycularia crispula from the Aleutian Islands and Pacific
Northwest (British Columbia, SE Alaska) of North
America is really Calycularia laxa. When Konstantinova
and Mamontov (2010) revised the genus, they excluded C.
crispula from Russia, Canada, Japan, and Korea based on
re-examination of the specimens and treated these
collections as the northern species Calycularia laxa. It is
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widespread and relatively common in Siberia. It is more
difficult to distinguish when sterile, so there may be a more
widespread distribution in the North American tundra.
Daniels et al. (2014) further explained that the two
species are separated by habitat and distribution.
Calycularia crispula (Figure 71-Figure 72) occurs
predominantly in upland areas of the tropics in Asia,
Africa, and Central America, whereas Calycularia laxa
occurs in temperate to Arctic regions in the Northern
Hemisphere.
Aquatic and Wet Habitats
Calycularia laxa (originally reported as C. crispula)
occurs on wet cliffs of Upper Bureya River (Russian Far
East) (Konstantinova et al. 2002). In northwestern North
America it occurs on boulders and soil of moist banks of
alpine streams (Davison & Smith 1992). Davison & Smith
(1992) characterize its environment as having even
moisture conditions and subdued light.
In the tundra zone Calycularia laxa occurs in moist
habitats of river and lake valleys, where it grows on damp
sandy soil, peat and humus-covered rocks along banks of
streams, in dried river beds, in depressions between peat
hillocks, in crevices of cliffs, or among boulders in rock
fields (Konstantinova & Mamontov 2010). It also occurs
on spots of bare soil in different types of tundra, on nival
slopes, among boulders in rocky lichen tundra, on bare soil
in sedge-lichen tundra, and occasionally in sedge-moss
bogs. In mountains at the southern limit of its distribution
the species is restricted to valleys of rivers on wet, often
moss-covered, cliffs and rocks along streams in deep humid
ravines, near waterfalls, on fine-grained and sandy soil or
peat between rocks, in shaded crevices on wet cliffs, at the
bottom of cliffs and rock outcrops, both in subalpine and
forest zones, including broad-leaved forests, mixed and
coniferous forests. It typically grows with other liverworts
in these habitats.
Adaptations
The plants of Calycularia laxa are yellowish or deep
green to reddish and purplish red and red-brown
(Konstantinova & Mamontov 2010). Tundra plants are
typically pigmented, exhibiting purple-reddish or green
with "fuscous, reddish to purplish red or red-brown colored
margins." This coloration is especially typical of the mouth
of the pseudoperianth. This range of color potential may
permit it to survive the often intense UV light in its
northern locations. On the other hand, when plants occur
in shaded depressions they often lack all secondary
pigmentation.
Tundra plants of Calycularia laxa tend to be smaller,
seldom exceeding 6 mm width and 15 mm length
(Konstantinova & Mamontov 2010). This contrasts with
plants from mountains in South Siberia, southern Alaska,
and British Columbia, Canada, where plants can be as
much as 12 mm wide and 50 mm long.
Calycularia laxa usually forms mats or grows as
single plants among other bryophytes (Konstantinova &
Mamontov 2010). Both of these characteristics can help to
conserve moisture.
Reproduction
Calycularia laxa is dioicous (Konstantinova &
Mamontov (2010). At least in North America, the two
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sexes have not been found in the same location, and
females are much more common than males. Calycularia
laxa lacks the ventral shoots that could potentially serve as
a means of vegetative propagation (Konstantinova &
Mamontov 2010). This combination bodes for poor
reproduction.
Biochemistry
Oil bodies of Calycularia laxa are 1.0-3.7 μm long,
numbering 12-58 per cell (Konstantinova & Mamontov
2010). These are presumably the source of an odor that is
distinct when dried specimens are moistened.

Summary
Metzgeria (Metzgeriaceae) species are not true
aquatic species, but some of them are occasionally
submerged, and the one included here often occur in
damp or wet places, especial riverine canyons. They
often form mats, and with their ribbon-like thallus this
can help to conserve moisture during drier periods.
Metzgeria furcata is very desiccation tolerant. The
thalli are often translucent, permitting light to reach
greater depths. Hairs and curving under can help to
retain moisture in some species.
Thallus lobes
contribute to asexual reproduction.
Slime molds are often associated with Metzgeria
furcata. While some species of Metzgeria have fungal
partners, others have no known fungal associates
(Metzgeria conjugata). Metzgeria furcata can have the
Ascomycete fungal parasite Bryocentria hypothallina.
Some species have known antibiotic properties, perhaps
accounting for a lack of fungi.
Calycularia crispula (Calyculariaceae) occurs in
humid locations, but is not aquatic. The more northern
Calycularia laxa occurs on wet cliffs and moist stream
banks.
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